Highlight: Three years after establishment, longleaf uniola and spike uniola plants under 92%o shade were larger, more numerous, and more vigorous than those receiving more sunlight. Herbage production was 10 times greater in 92% shade than in full sunlight. Protein, phosphorus, calcium, and ash content of the herbage increased as shade deepened, while crude fiber and N.F.E. content decreased.
A composite mixture of longleaf uniola and spike uniola seed, collected in the nearby forest the previous fall, was hand-seeded on the freshly raked plots in late April. About 1/4 pound (air-dry weight) of pretreated (Wolters, 1970) uncleaned seed was applied per plot. Seeds were placed in parallel rows 12 inches apart and covered with a very thin layer of tamped soil.
Shade intensities of 0, 30, 63, and 92% were randomly assigned and replicated 4 times. Cloth woven to produce the prescribed shade intensity was placed 3 ft above the soil surface.
Measurements of longleaf uniola were made periodically during 1967, 1968, and 1969 to determine number of leaves and tillers per plant, length and width of basal leaves, and height of seed stalks. Counts of longleaf and spike uniola plants/ft2 coincided with phenological measurements. Herbage production was determined in September, 1969, by clipping four randomly located 1-by 1-ft quadrats on each plot. Samples were oven-dried at 750C, weighed, and composited for chemical analysis. Seed production was determined by hand-stripping two 1.55-by 1.55-ft quadrats on each plot. Germination was tested during the winter of 1969-1970. Environmental measurements included temperature and relative humidity at 4 inches above the soil surface. All measurements were made within a 6-by 8-ft sampling area centered on each plot.
A profuse growth of weedy forbs and grasses annually invaded the study plots. During the first year, seedling mortality ranged from about 50% under 92% shade to 85% under full sunlight (Fig. 1) . By mid-September, 1969, survival averaged 18% under heavy shade and about 1% in full sunlight. Though mortality was high on all plots, plant density from mid-August, 1967, to the close of the study was significantly greater under 63 and 92% shade than in full sunlight (Fig.  2) .
Plants in heavy shade were dark green and appeared more vigorous than the yellowish-green plants receiving more sunlight. Daubenmire (1955) Initiation of seedstalks was observed as early as June 1 and as late as October during a mild fall. Usually, growth had begun by the first of July. Flowering likewise varied but was generally at its peak during late August and September. Some flowers were observed as late as mid-November, but most seeds were mature by mid-October.
No seedstalks appeared in 1967 and only a few in 1968. In 1969, however, seedstalk numbers increased significantly with degree of shading. Neither seedstalk length (which was highly variable), seed production, nor germination rate (average 52%) was significantly affected by the level of shade.
Herbage Production and Analyses
Herbage production was 173 lb/acre in full light, 759 lb in 30% shade, 1,319 lb in 63% shade, and 1,839 lb in 92% shade. The differences were significant. McDonough (1969) and Harshbarger and Perkins (1971) , working with eastern grasses and p artridgepea, reported increased growth with up to 55% shade. Leithead et al. (1971) stated that longleaf uniola is best adapted to areas that are shaded more than 50% at midday. Protein, phosphorus, calcium, and ash in longleaf and spike uniola herbage 
Conclusions
On the basis of present data and supporting literature, longleaf and spike uniola should be classed not merely as shade-tolerant but as shade-dependent. Maximum growth and production were obtained with 92% shade, while in full sunlight survival and growth were poor.
Growth patterns typify uniolas as cool-season plants that produce beneficial winter herbage for cattle and wildlife.
It appears that both amount of forage and nutritive values can be varied by manipulation of overstory density. Where trees provide the shade, however, they also compete for moisture and nutrients. Such effects probably must be allowed for if attempts are made to apply the present findings to forest grazing land conditions. Literature Cited
